Abstract. The aim of the present study was to evaluate the protective effect and mechanism of Letinous edodes foot peptides on ethanol-induced L02 cells. A cell model of ethanol-induced damage was established in vitro to study the effects of the Letinous edodes foot peptides on human L02 hepatocytes. The expression and activity of superoxide dismutase (SOD), malondialdehyde (MDA), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH), following treatment were examined to determine the anti-alcoholism and hepatoprotective functions of Letinous edodes foot peptides. Taking Letinous edodes foot peptides prior to ethanol exposure was more beneficial, which significantly increased SOD activity and the mRNA expression of ADH and ALDH suppressed by ethanol. In addition, the intracellular MDA content, and AST and ALT activity decreased in ethanol-induced L02 cells pretreated with the peptides, when compared with the control. Furthermore, Letinous edodes foot peptides inhibited the ethanol-induced activation of the proinflammatory cytokines, interleukin-6 and tumor necrosis factor-α, and promoted the metabolic regulation factors, AMP-activated protein kinase-α2 and peroxisome proliferator-activated receptor-α.
Introduction
Alcoholic liver disease (ALD), which is mainly caused by excessive alcohol drinking, endangers human health worldwide (1) . Individuals with ALD that progress to advanced disease stages with liver fibrosis and cirrhosis have increased risk of complications such as portal hypertension, liver cancer and liver failure (2) .
The liver contains diverse enzymatic systems to metabolize ethanol associated with many important metabolic functions (3) . Under normal circumstances, most of the ethanol in the body could be catalyzed by alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH) (4) . Therefore, the bioactivity for dealing with ethanol can be reflected by the activation rate of ADH and ALDH. Tumor necrosis factor α (TNF-α), one of the most important proinflammatory factors, is produced and secreted by hepatic parenchymal cells and Kupffer cells during the process of alcoholic liver injury (5, 6) . Moreover, interleukin 6 (IL-6) can induce significant injuries in Kupffer cells mainly by reduction in ADH and ALDH activities owing to the long-term excessive ethanol consumption, causing aggravating damage to liver cells by ethanol and acetaldehyde (4) . Furthermore, reduction in liver cell function results in decreased expression of the intracellular response factors, AMP-activated protein kinase (AMPK)-α2 and peroxisome proliferator-activated receptor (PPAR)-α (7), and enhanced expression of the inflammatory factors, TNF-α and IL-6, leading to liver cell injury.
Edible mushrooms, which are rich in proteins as well as trace minerals, and low in fat (8) , have long been used in folk medicines and health foods. Lentinus edodes, also named Xianggu in Chinese and Shiitake in Japanese, is one of the most widely used edible mushrooms in the global market because of its flavor and nutritional profile (9) . Research on effective components of Lentinus edodes has revealed that they have diverse beneficial effects, including immune regulation, anti-tumor, anti-aging, liver protection and resistance to respiratory infections (10) (11) (12) . Mycelia zinc polysaccharides of Lentinus edodes have been found to upregulate the anti-aging activity of total antioxidant capacity, GSH peroxide and superoxide dismutase (SOD), and downregulate the malondialdehyde (MDA) content in vivo (13 (18, 19) .
In the present study, we established a cell model of ethanol-induced liver damage to evaluate the hepatoprotective effect of Letinous edodes foot peptides in human L02 hepatocytes. The regulation on aminotransferases, alcohol metabolic enzymes, antioxidation capacities and proinflammatory cytokines was also investigated at the cellular and molecular level.
Materials and methods
Letinous edodes foot peptides. Letinous edodes foot peptides were obtained from a preliminary experiment (19) . The Letinous edodes foot peptides were prepared by an alkali-solution and acid-isolation method, assisted by ultra-high-pressure processing with a pressure of 400 MPa and a processing time of 10 min. After ultrafiltration, three molecular weights of peptides were obtained, of which 0-3 kDa had the highest activity to activate ADH and ALDH by 70.79 and 71.35%, respectively. Therefore, we used Letinous edodes foot peptides with molecular weight of 0-3 kDa as material in this research to evaluate the protective effect. Cell culture. L02 cells were cultured in RPMI-1640 medium supplemented with 10% FBS and 100 U/ml penicillin at 37˚C in a 5% CO 2 humidified environment.
Cells and chemicals. Human liver cells (L02
Determination of the damaging concentration of ethanol in the experiment model. L02 cell viability after treatment with ethanol and Letinous edodes foot peptides was measured by the MTT assay. Certain concentration of Letinous edodes foot peptides and ethanol were prepared in a serum-free medium, using Puerariae as control. Puerariae is a famous traditional Chinese medicine with the effect of anti-inebriation. It has been reported that pretreatment with Puerariae extract significantly prolonged the ethanol tolerance duration and shortened intoxication duration, which was accompanied by decreased blood ethanol concentration, elevated ADH and ALDH activities in the liver and decreased ALT and AST activities in the serum (20) . Cells were seeded in 96-well plates at a cell density of 5x10 4 cells/well. After treatment with 0, 25, 50, 75, 100, 200, 300, 400, 500 or 800 mmol/l ethanol, 10 µl of MTT (5 mg/ml) were added for 4 h. Then, the medium was removed and 150 µl of DMSO were added for 10 min. The absorbance was measured at 492 nm.
Determination of the optimal concentration of Letinous edodes foot peptides for protection against ethanol-induced damage.
To determine the best concentration of Letinous edodes foot peptides for protection against ethanol-induced damage, 100 µl of Letinous edodes foot peptides were added to a 96-well plate prior to ethanol (200 mmol/l). The final concentrations were 0, 6.25, 12.5, 25, 50, 75, 100, 200, 400, 600 or 1,200 mg/l, which were proved to have nontoxic effect to the L02 cell in the preliminary experiment (data not shown).
Determination of the addition order of Letinous edodes foot peptides and ethanol.
To determine the best addition order of Letinous edodes foot peptides to obtain the best results, we had three experimental groups. In the first group Letinous edodes foot peptides at different concentrations was added to the cells 24 h prior to ethanol addition. In the second group ethanol was added to the cells 24 h prior to Letinous edodes foot peptides. In the last group Letinous edodes foot peptides and ethanol were added simultaneously.
Determination of enzyme activity. L02 cells in the logarithmic growth phase were cultured in 96-well plates (1x10 6 cells/well) for 24 h. The cells were divided into six groups: negative control (no ethanol, no peptides), positive control (ethanol treated), Puerariae group (ethanol treated with pretreatment of 10 mg/l Puerariae) and peptides groups (ethanol treated with pretreatment of 25, 50,100 mg/l peptides). Six wells were set up for each group. The experiment was performed in an incubator with 5% CO 2 at 37˚C. The interval between adding ethanol and the peptides was 24, and 24 h between the last sampling and testing.
After treatment, the cells were rinsed twice with PBS (0.01 mol/l). PMSF (1 mmol/l, 100 µl) was added to each well and the supernatant was removed after centrifugation (20,000 x g, 10 min). The indexes of oxidative damage in the cell lysis solution, including MDA, SOD, ALT and AST, were examined with the relevant kits.
ELISA assay. Cell treatment and grouping were as described above. Serum-free cell culture medium was added to the negative control group, 200 mmol/l ethanol solution to the positive control group, and the peptides prior to 200 mmol/l ethanol solution to the peptides groups for 24 h. After another 24 h, the supernatant was collected to test ADH and ALDH activity.
The relative expression of mRNA measured by reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RT-qPCR was used to detect expressions of target genes. The primers listed in Table I were synthesized by Invitrogen; Thermo Fisher Scientific, Inc. Total RNA was extracted with TRNzol, and cDNA reverse transcription was performed by the PrimeScript RT reagent kit with gDNA Eraser in accordance with the manufacturer's protocol. Amplification was carried out by SYBR Premix Ex Taq II & reg (Tli RNaseH Plus; Takara Bio, Inc., Otsu, Japan), ROX plus according to the product specifications, using cDNA templates diluted 10 times. Amplification was performed at 95˚C for 30 sec, followed by 45 cycles of 95˚C for 5 sec and 60˚C for 40 sec. The 2 -∆∆Cq method of quantification was employed (21) .
Statistical analysis. All data are presented as means ± standard error of three experiments. The total variation was estimated by analysis of variance followed by a Duncan multiple comparison test with SPSS ω20.0 (IBM Corp., Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Establishment of cell model of ethanol-induced damage.
As shown in Fig. 1A , at a low concentration (<50 mmol/l) ethanol did not inhibit the growth of L02 hepatic cells, but it promoted cell proliferation. The reason for this could be that at a low concentration the cells used ethanol as an energy source, resulting in accelerated cell proliferation. As the concentration increased, ethanol inhibited L02 cell proliferation, with an IC 50 of 222.8±14.7 mmol/l. Therefore, the final concentration chosen for the model of ethanol-induced damage was 200 mmol/l.
Next, we incubated L02 cells with different concentrations of Letinous edodes foot peptides for 24 h. Different effects on the proliferation of normal hepatic L02 cells were observed (Table II) . When the concentration of Letinous edodes foot peptides was low, the proliferation rate was similar to the cells exposed to ethanol only. However, as the concentration was increased, the L02 cell proliferation rate increased. Furthermore, from 25, 50 and 100 mg/l the positive effect on proliferation was significant. Thus, we concluded that the peptides could promote the growth of normal human liver L02 cells of ethanol-induced damaged.
The MTT assay was used to examine the cell viability of L02 cells treated with different concentrations of Letinous edodes foot peptides and 200 mmol/l ethanol, which were added in three different sequences: Ethanol first, both substances simultaneously, or peptides first (Fig. 1B) . Similar to the 10 mg/l Puerariae control, in the cells in which the Letinous edodes foot peptides of 25, 100 mg/l was added 24 h before the ethanol, the cell viability tended to be extremely significantly higher than that of the other two groups (P<0.01). In a comprehensive way, we added the Letinous edodes foot peptides prior to the ethanol treatment in the following experiments.
Measurement of aminotransferases' activity. As shown in Fig. 2A , the AST enzyme activity in the positive control group significantly increased compared with that in the negative control group. However, a significant decrease was observed in the groups pretreated with the Letinous edodes foot peptides. With the increase in the Letinous edodes foot peptides concentration, AST activity decreased gradually, though the Puerariae group showed an even lower AST activity. The results suggest that Letinous edodes foot peptides can effectively suppress the liver cell damage-induced elevation in AST activity. Compared with the negative control, the ALT activity in the positive control group was significantly enhanced (Fig. 2B) . Letinous edodes foot peptides at 25-100 mg/l prominently suppressed the increase in ALT enzyme activity in L02 liver cells induced by (Fig. 3B) . In contrast, Letinous edodes foot peptides (25-100 mg/l) significantly improved the SOD activity in ethanol-damaged L02 cells, and the same effect was observed with 10 mg/l Puerariae.
Measurement of dehydrogenases by ELISA and RT-qPCR.
As shown in Fig. 4A and B, the amount of ADH secretion increased after ethanol exposure for 24 h compared with the negative control. This increase was slightly suppressed by pretreating with Letinous edodes foot peptides or Puerariae. ADH secretion in the Puerariae group was slightly higher than that in the 50 mg/l Letinous edodes foot peptides group, but lower than that in the 25 mg/l group. Ethanol also increased ALDH secretion compared with the negative control; however, Letinous edodes foot peptides reversed this increase. The amount of ALDH secretion was the lowest in the 25 mg/l peptides group and the highest in the Puerariae group.
As displayed in Fig. 4C and D, compared with the negative control, the upregulation of ADH and ALDH2 mRNA stimulated by ethanol in the positive control group was significantly suppressed. This effect was reversed by pretreatment with Puerariae and Letinous edodes foot peptides in a dose-dependent manner. The ADH and ALDH2 mRNA relative expression was in the following order: Negative control > Puerariae group (10 mg/l)>peptides group (100 mg/l)>peptides group (50 mg/l)>peptides group (25 mg/l)>positive control, and the positive control group showed significant differences compared with the other groups. Fig. 5 , compared with the negative control, the expression of IL-6 and TNF-α mRNA in the positive control group was significantly higher. This upregulation was significantly suppressed by treatment with Letinous edodes foot peptides in a dose-dependent manner, even lower with 100 mg/l of peptides group compared with Puerariae group. These results indicate that Letinous edodes foot peptides can relieve liver injury. Fig. 6 , compared with the negative control, the relative expression of AMPK-α2 and PPAR-α mRNA in the positive control group was lower. This effect was reversed by Letinous edodes foot peptides and Puerariae. The influence of the low concentration (25 mg/l) of Letinous edodes foot peptides on PPAR-α mRNA relative expression was not significant, but that of the other concentration groups (50, 100 mg/l) was significant compared with the positive control group. PPAR-α expression in the Puerariae group showed no difference compared with the positive control group.
Expression of proinflammatory cytokines. As shown in
Expression of metabolic regulation factors. As shown in
Discussion
SOD is a scavenger of superoxide anion radicals, transforming them into harmless oxygen and water molecules, thus protecting cells from free radical damage. Acute ethanol excess can cause a decrease in SOD activity and accumulation of a large amount of free radicals, which raise the lipid peroxidation reaction with polyunsaturated fatty acids in biological membranes, producing peroxide lipids afterwards. This kind of substance, with poor stability, will continue to produce MDA and other substances (22, 23) . MDA can cause serious liver cell damage which will change the cell membrane fluidity and permeability. SOD and MDA are regularly measured together, as the level of SOD activity is proportional to the free radical scavenging ability of the organism, and the MDA content in the cells reflects the degree of free radical attack. Combining SOD with MDA analysis is helpful in studying the mechanism of biological activity. Zhang et al (24) have reported that bamboo leaf flavonoids significantly increased the SOD activity and reduced the MDA content against ethanol-induced liver injury. She et al (25) proved that corn peptides protected liver cells from oxidative damage induced by ethanol metabolism. Hong et al (26) confirmed that fermented Adlay increased the activities of antioxidant enzymes such as SOD in the liver. The results of this study showed that Letinous edodes foot peptides significantly improved the SOD activity in the ethanol-induced L02 cell model and reduced the MDA content, demonstrating its hepatoprotective effect.
Under normal circumstances, the concentrations of AST and ALT in liver cells are 1,000-5,000 times higher than in the serum. If the liver tissue is injured, liver cell swelling and necrosis, or increased membrane permeability of liver cells will occur, followed by secretion of transaminase into Figure 2 . Effect of Letinous edodes foot peptides on (A) AST and (B) ALT activity. Samples were divided into the following groups: N, negative control (no ethanol, no peptides), E, positive control (ethanol treated), P25, peptides group (ethanol treated with pretreatment of 25 mg/l peptides), P50, peptides group (ethanol treated with pretreatment of 50 mg/l peptides), P100, peptides group (ethanol treated with pretreatment of 100 mg/l peptides), P, Puerariae group (ethanol treated with pretreatment of 10 mg/l Puerariae).
a-f P<0.05. AST, aspartate aminotransferase; ALT, alanine aminotransferase. Table II . Effect of Letinous edodes foot peptides on the proliferation of ethanol-damaged L02 cells. the blood, contributing to the increase in serum transaminase activity. Because aminotransferase activity in the liver is much higher than that in the blood under normal conditions, its change in serum is a specific marker used to assess hepatocellular damage in clinic (22, 27) . Zhang et al (3) investigated the protective effect of anthocyanins from purple sweet potato on acute carbon tetrachloride-induced liver injury in mice, which showed that the anthocyanins could significantly reduce the carbon tetrachloride-induced ALT and AST activity, demonstrating its protective effect. The results of this study showed that the Letinous edodes foot peptides reduced the damage index ALT and AST enzyme activity in ethanol-induced liver cells, confirming its protective effect on the liver.
It has been shown that when the body was stimulated by ethanol, the liver cells produced ADH to metabolize ethanol, which was oxidized to acetaldehyde, and then oxidized to acetic acid by ALDH. Therefore, the release of ADH and ALDH gradually increases with the increase in ethanol metabolism. ADH is a metal enzyme with zinc atoms, which plays a major role in ethanol metabolism. It is mainly expressed in the liver, intestines and stomach; however, in the liver it is mainly located in the cell fluid. The change in ADH activity has two sides. If the activity increases, the oxidation of ethanol to acetaldehyde is accelerated, providing the conditions for further metabolism of non-toxic products. However, if the activity change is not timely for the oxidation of acetaldehyde to acetic acid, the damage to the liver cells will be more serious compared with ethanol. If ADH activity is inhibited, the ethanol hazard for the body itself will increase (28, 29) . ALDH is also an important enzyme in ethanol metabolism, as it can transform toxic acetaldehyde associated with alcoholic liver injury into acetic acid, which is a nontoxic metabolic product. If the activities of ADH or ALDH are weakened, the ethanol itself or the intermediate metabolite, acetaldehyde, will produce toxic effects, which may lead to liver cell mitochondria damage, affecting the energy metabolism of liver cells, and inducing cell apoptosis and necrosis, thus aggravating liver injury (30, 31) . At present, many studies have indicated that apoptosis is involved in the occurrence of ALD, which is an important part of the pathogenesis of ALD (32) . The current study showed that the Letinous edodes foot peptides increased the mRNA expression of ADH and ALDH, which was obviously reduced by ethanol, confirming its protective effect on the liver.
TNF-α, the most important cytokine in alcoholic liver injury, is secreted by intrahepatic Kupffer cells, and its level in vivo increases when ethanol activates the extracellular receptor-activated kinase. Liver injury induced by ethanol has also been associated with the level of AMPK and PPAR-α. Besides, TNF-α promotes the release of other inflammatory cytokines (such as IL-1 and IL-6), which promote liver cell damage caused by inflammation, and even cause liver cell death. Ethanol can influence inflammatory reactions by TNF-α, AMPK and PPAR-α, leading to cell apoptosis and necrosis (33) (34) (35) (36) . Vidyashankar et al (37) have reported that ethanol in metabolic processes will consume coenzyme Q10 in the liver, which can enhance TNF-α secretion, thus producing substances harmful to HepG2 cells. Shearn et al (38) have reported that AMPK expression significantly decreased after ethanol intake in mice with a high-fat diet. Studies in mouse and rat cultured liver cells in vitro have demonstrated that ethanol suppressed the expression of PPAR-α and the binding of PPAR-α/RXR to DNA, thus promoting liver steatosis, inflammation, necrosis and fibrosis (39) . Park et al (34) found that Schisandra chinensis has the ability to prevent ethanol-induced fatty liver by a significant increase in AMPK and PPAR-α expression in hepatic tissue of alcoholic rats. Our research revealed that the Letinous edodes foot peptides have a role in protecting the liver by inhibiting the mRNA expression of IL-6 and TNF-α and enhanced the mRNA expression of the metabolic regulation factors AMPK-α2 and PPAR-α, demonstrating the protective effect of Letinous edodes foot peptides.
In conclusion, this research, using a cell model in vitro, demonstrated the effect of ethanol-induced damage on cell proliferation and the protection effect on Letinous edodes foot peptides using the MTT assay. Furthermore, we studied the protective effect of Letinous edodes foot peptides on ethanol-damaged liver cells at the cellular and molecular levels by measuring the mRNA expression of proinflammatory factors, metabolic regulation factors and sober enzyme factors using ELISA and RT-qPCR. According to our results, Letinous edodes foot peptides significantly improved the SOD activity and the mRNA expression of ADH and ALDH, which were obviously reduced by ethanol. It also reduced the intracellular MDA content, and the AST and ALT activity. The ethanol-stimulated activation of the proinflammatory cytokines, IL-6 and TNF-α, in L02 cells was significantly blocked, and the metabolic regulation factors, AMPK-α2 and PPAR-α, and the sober enzyme factors, ADH and ALDH2, were induced by Letinous edodes foot peptides. Hence, we concluded that Letinous edodes foot peptides have a protective effect on normal human liver L02 cells, preliminarily determined that the peptides have the effect of sobering up. More deep study of the pathway factors including protein expression, as well as the exact extent of the effect in human should be strengthened in further researches. Whether the peptides can be used to treat ethanol-induced liver injury needs later animal and clinical trials.
